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Rolling fonmulation 

The present Invention relates to a water-«olut)le cold steel rofflng oH composition and 
an ofl-ln water emulsion comprising water and the water-soluble cold steel roifing dh 

6 

Cold steel rolling is a process which can be applied to steel sheets of about 0.5 to 
1cm thick, which have been produced by a hot rolling process from thick (e.g. 20cm) 
slabs of hot steel, to further reduce the sheets to much lighter gauges of fypteally 
0.15 to 0.35mm. The cold steel rolling process Is a balance of load applied through 
1 0 each series of rolls, front and back tension applied to the steel sheet and rolling 

speed though the rolls to achieve a steel sheet product of saleable quality. The rolled 
steel is highly stressed during the cold rolling process and must be then relaxed to 
ensure that the steel is in the correct crystalline fonn for its designated applicatton. 
Relaxation Is achieved by an annealing process. 

15 

The surface quality of coM rolled annealed steel sheets can be man-ed by the 
presence of blade staining and surface cariaon resMues. Sudi steel sheet surges 
quality may not be suHable for use In automotive appiicatkm areas where there Is 
cunnentiy a designated maximum level of allowable surface carbon resMues of 
20 7mgAn* for mill dean sheet However this sheet suriace quall^ requirement appears 
to be In direct conflict with the pressures placed on rviW owners to continualiy seek to 
run their mills at faster speeds to Improve output to reduce power consumpfkm of 
the mill and to roll different and harder aikiys (rf steel. 

25 TWs had led to rolling oil formulators fonnuiating rolling oils that can "plate out" a 
greater amount of oil to try to address the pressures placed on the mill ownere. 
However the Increase In "plated ouf oil needs to be readily removable during the 
annealing prcx»ss, typically at 600 to 700 degC for batch annealing processes, to 
meet the steel sheet surface quality requirement 

30 

Orie mechanism that has been suggested for the generation of the black stelning 
patches and surfiace carbon residues Is as follows. After the cokJ rolling process the 
steel sheet is primarily contemlnated with iron fines and formulating oil residues. 
Typically the fonmilatlng Oil residues can contain tramp oils, soaps and producte of 
35 the rolling process. Defomiatfon and fricttonal heat generated during the coM rolOng 

process, of lOOdeg C or higher, can persist in the rolled con for a few houie. Under 
these condittons oxidation and polymerisation of some of the componente in the 
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Ibnnulating oil residues may lead to the formation of less volatile macromolecular 
8ut>stances. These reacttoris nruiy t)e accelerEited In the preserKse of the 1^ 
acting as a catalyst It Is thought that these less volatile macromolecular sutjstances 
are cart)onlsed during the annealing process, which results in the generation of the 
5 black staining patches and surfece carixjn residues. 

Therefore the staining patches and surface carbon residues seem to be a function of 
the combination of the heat generated during the cold rolling process, contaminants 
in the cold rolOng process and the composition of the rolling oU fonnulatlon. 

10 

Surprisingly it has been found that the use of a specific partial polyol ester In the 
rolling oil formulation meets the 'plate -our requirements of the mill owners and the 
requirements for steel sheet surface quality vinthout any con-esponding detriment to 
any of the other water-eduble rolling oil composition requirements, in particular 
15 lubridfy. 

According to the present invention, a water-eoiuble roHing oil oomposiOon fbr use in 
cold stael rolUng applications comprises 15 to 70 % by weight of a partial poiyol ester 
having a hydroxy value of between 20 and 50 mg KOH/g and a level of 
20 polymsaturation of between 0.01 to 8% by weight 

In the conte)(t of tiie invention polyunsaturation is defined so as to »(clude 
monounsaturation. 

25 The partial polyol ester may be derived from the reaction of at least one poiyhydric 
alcohol with at least one monocarboxyilc add. Alternatively It may be derived from 
the blending togettier of at least two partial polyol esters or the blending together of a 
combination of at least one partial polyol ester and at least one fully esterified ester. 

30 The poiyhydric alcohol may be a diol, triol, tetraol and/or related dimers and trimeiB. 
Examples are neopenfyi glycol, glycerol, trimethylolethane, trimethytoipropane, 
trfmethylolbutene. penteerythritol, dipentaerthyritol and tripenteerythritol. Preferably 
the poiyhydric alcohol Is chosen from neopentyl glycol, trimethyoipropane and 
penteerythritol, especially trimethylolpropane. 

35 

The polyunsaturation in the partial polyol ester is derived from the at least one 
monocariioxylic add. The at least one monocarboxyilc add may be. for example, one 
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or more polyunsaturated monocarboxylic adds or a mixture of polyunsaturated and 
non-polyunsaturated monocartx)}^ adds. 

The polyunsaturated or non-polyunsaturated monocarboxylic add may have some 
6 monounsaturatedcarl)on -carbon bonds and may have a Hnear and/or branched 
chain. It may be aliphatic or aromatic. Preferably the polyunsaturated or non- 
poiyunsaturated monocarboxylic fatty add has 8-24 carbon atoms, more preferably 
10-20 carbon atoms. Examples of suitable poiyunsaturated monocaiboxyDc fatty 
adds include those derived from coconut oil, topped coconut oB (coconut on which 

10 has been further processed to remove the C8 and CIO saturated fatty add 
components), palm l(emel oil and n^res thereof. Examples of suitable non- 
poiyunsaturated monocarbo)^ic fatty adds indude capric add, lauric add. myiislic 
add, palmitic add. stearic add, isostearic add. hydrogenated C18 monomeric add. 
arachidic add, behenic add and llgnooeric add and mbctures thereof. Hydrogenated 

15 C18 monomeric add is the C18 nwnomer by-product resulting ftom the dimerisation 
of oleic add. vyhich is then subsequently hydrogenated. 

A specifically preferred partial polyol ester is derived from reaction of 
trimethyolpropane with a mbdure of coconut oil or topped coconut oil and 
20 hydrogenated CI 8 monomeric add. The blend ratio of coconut oil or topped coconut 
oil to hydrogenated CI 8 monomeric add In the partial ester composition preferably 
ranges from 80 to 20 weight percent to 20 to 80 v>feight percent, more preferably from 
60 to 40 weight percent to 40 to 60 weight percent 

The partial polyol ester according to the Invention is present at tevels between 15 and 
25 70% by weight, more preferably between 20 and 60%, even more preferably 
between 20 and 40% in the water-soluble rolfing bU composition. 

The partial polyol ester has a hydroxyl value of between 20 and 50 mg KDH/g, 
preferably between 25 and 40 mg KOH/g. 

30 

The partial polyol ester has a level of polyunsaturation of between 0.01 to 8% by 
weight preferably between 0.1 to 5% by weight more preferably between 0.1 to 3% 
by weight 
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The kinematic Nrtscosfty at 40 degrees C of the partial poiyol ester is t>etween 40 and 
80 mm^/s, preferably between 50 and 60 mm^/s and the pour point is between -1 0 
and +10 degrees C. 

5 The water-eoiuble roiling oil oonipo^ticm may further comprise other estere 

fonm of natural oils/fats, for example coconut oil. palm oil. tallow, sunflower oil. and 
mineral oii, in particular parafflnic mineral ofl. 

The water-soluble rolling on composition may finrther comprise a range of additives. 

10 Prefenad additives include antioxidants, for exanr^ile sterically hindered phenols, 
aminic antioxidants and butylated hydroxy toluene, anfiwear/extreme pressure 
additives, for example dilauryi phosphate, tri (2-ethylhexyl) phosphate, 
tricresylphosphate , zinc diall(yi (or diaryi) dithiophosphate. phospho-sulphurised fatty 
oils, zinc dialkyi dithiocarbamate, mercaptobenzothiazole sulphurized fatty oils and 

15 ali<yl or aryl polysulphldes and emulsifiers. for example nonylphenoi ethOQrtates. fatty 
alcohol ethoxylates. polyethylene glycol esters, synthetic alcohol ettio;tylates and 
polymeric surfactants. 

An example of a typical water-soluble rolling oil composition according to the 
20 bwenflonis: 

Partiial poiyol ester 20-70 wt% 

Natural oil/fat 0-20 wt % 

Mineral oil 20-50 wt% 

Antioxidant 0.5-1wt% 
25 Anti wear/Extreme Pressure addittve(s) 2-6wt% 

Emulsifier(8) 5-7wt% 

According to a further embodiment of the present Invention use of a water-soluble 
rolling oil composition which comprises 15 to 70 % by weight of a partial poiyol ester 
30 having a hydro}Qrl value of between 20 and 50 mg KOH/g and a level of 

poiyunsaturation of between 0.01 to 8% by weight in cold steel roiling applications. 

According to a further embodiment of ttie present Invention an oil in water emulsion 
comprises water and from 1-4% by weight of a water-soluble rolling oil composition 
35 for use in cold steel roiling applications which comprises 1 5 to 70 % by weight of a 
partial polypi ester having a hydrox/l value of between 20 and 50 mg KOH/g and a 
level of poiyunsaturation of between 0.01 to 8% weight 
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Preferably the oil In water emulsion comprises from 2-3% by weight of the water- 
soluble rolling oil oomposttian. 

5 According to a further embodiment of the present invention use of an oil In water 
emulsion comprises water and from 1-4% by weight of a water-soluble rolling oil 
composition which comprises 1 5 to 70 % by weight of a partial polyd ester having a 
hydroxyl value of between 20 and 50 mg KOH/g and a level of polyunsatuiation of 
between 0.01 to 8% by weight in cold steel lolling applications. 

10 The inventton will riow be described further by way of example only with refeiBnoe to 
the following Examples and drawings, in which: Rgurs One Is a pictorial 
representation of the results obtained In Example One and Figure Two Is a graphical 
representation of the results obtained In Example Three. 

Example One 

15 An in^iouse test was devetoped to rnlmic the effect of high temperature on the water- 
soluble rolling oH composition. A neat ester solution was applied as a thin film to a 
dean. dry. aluminium tray. The tray was heated on a hotplate, in a well ventilated 
area, to about 300 degree C and held at this temperature for 10 minutes. 

Figure One illustrates two aluminium trays after the heating process for sample A. 

20 which is a partial polyol ester according to the invention, and Sample B. which is a 
comparative ^ter which is used commercially in water-«olubie roDIng oil 
compositions in cold sted roHlng. Sample A Is a partial polyol ester derived fiom the 
reaction of trimethyolpropane with topped coconut oil and hydrogenated C18 
monomerlc add In a ratio of 60:40 we^ht percent. Satrqile A has a hydro)^ value of 

25 36 mgKOH/g and a polyunsaturation level of 2.4%. Comparative sample B Is 

PRIOLUBE 1427 available ex Uniqema and Is an ester of trimethyldpropane vi^ 
oleic add having a hydro)^ value of 8mgKOH/g and a polyunsaturation level of 
14%. 

The aluminium tray wHh Sample B shows evidence of daric coloured residues, which 
30 are hardly evident for the trey with Sample A. 
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Example Two 

Experiments were undertaken to measure the dean burning properties df Samples A 
and B and a further Sample according to the invention. Sample C. 
20 to 25mg of each Sample was heated, in a ISOpI alumina cup. from 40 to 600^C at 
5 a rate of 10 /ndn under a nitrogen flow of lOOml/min. The temperature was 
measured for a variety of levels of percentage evaporation loss of sample. The 
results are shown In Table One. 



Table One 



% sample 
remaining 


75% 


50% 


30% 


20% 


10% 


1% 


Sample A 
temperatures in °C 


377 


411 


426 


432 


439 


452 


Sample C 
temperatures in °C 


382 


417 


431 


437 


444 


457 


Comparative 
Sample B 
temperature in °C 


417 


437 


446 


454 


462 


Not Measured 



Sample C is a partial poiyol ester derived from ttie reaction of trimetliyolpropane virttti 
topped coconut oH and hydrogenated C18 monomeric acid In a ratio of 40:60 weight 
percent It has a hydraxyi value of 40 mgKOH/g and a poiyunsaturation level of 1.6%. 
The results in the Tatde demonstrate that the use of peurtial polyol esters in 
15 accordance with the invention have improved dean burning properties witti respect to 
the comparative ester. 

Example Three 

The coefficient of friction of Samples A and B was determined at a temperature of 
20 40°C in a l\4ini-Traction Machine, manufactured and supplied by PCS Instruments in 
the UK. using a pin-on-disc method. The disc is a smooth steel disc with a roughness 
parameter of lOnm. The load applied was 5N and the speed of rotation was varied 
from 0.002 - 4m/s to ensure that the system operated under both t)oundary and 
mixed lubrication regimes. The results are illustrated in Table Two and Figure Two. 



25 
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Table Two 



Speed in nVs 


Coefficient of fiieAm 
SamDle A 


i^oeinciBni or rricuon 

wampie D 


4.00 


0 048 


U.Ur J 


3.00 


0 048 


U.Ufo 


2.50 


0 049 




2.00 


0 050 

w« www 




1.75 


0 051 


U.Ooo 


1.50 


0 0S3 


A AAA 


1.25 


0 056 

Wa www 


A AAO 


1.00 


0.060 


0.097 


0.80 


0.065 


0.101 


0.60 


0.073 


0.104 


0.40 


0.083 


0.108 


0.30 


0.089 


0.110 


0.20 


0.097 


0.113 


0.15 


0.101 


0.114 


0.10 


0.105 


0.115 


0.08 


0.108 


0.116 


0.06 


0.110 


0.117 


0.04 


0.113 


0.117 


0.03 


0.114 


0.117 


0.02 


0.116 


0.117 



5 

The results in Table Two and Figure TVwo demonstrate that the use of a partial polyol 
ester In acoordanoe with the invention has improved lubricity with respect to the 
comparative ester. The contribution of the partial polyol ester in the wafer-soluble 
1 0 roiling oH composition to improved lubridfy corresponds to reduced power 
consumption on a min and Improved surface finish of the rolled metal. 
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